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N 3
~ , Abstract f
3 N ‘
2 A set of empirical equations is produced to ecalculate the )
s
fractional arrival rate of radiocactivity on the ground where the !

p radiocactivity is the result of a nuclear surface burst. 1 total of 20
P

}

d such equations are given for four log-normal particle size distributions

, and five nuclear yields from 1KT to 15MT. The fractional arrival rate

-E of radioactivity on the ground, g(t), data for the 20 cases were
: generated by a fast running fallout smearing code. The results were fit
‘_ with a sixth degree Laurent series for each of five particular yields.
5: For each size distribution the Laurent series coefficients for the five
S
-~
S

yields were then fit with a polynomial function of yield to enabdble
':. computation of g(t) data for any arbitrary yield between 1KT and 15MT.

Calculation of g(t) data with these empirical equations may be

L
’ :' :' l9 JyJ‘.I

accomplished on a hand held calculator and produc= results which are
accurate to within at least 4 perceant of the fallout smearing computer

N
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T I. Purpose
(;, Computer codes modeling physical phenomena may be divided into
-::::: three categories as depicted in Figure I-1.
o
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A
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A FULL BASED ON EMPIRICAL
- PHYSICS BUT FIT OF
—:1.':; PHYSICS CONTAINS NATA
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Fig. I-1 Computer Code Models

ly
L0
f_‘ The first category is the full physics model which contains the
G
" most rigorous scientific development, adhering to generally accepted
f:'u theory in every possible detail. The second category is a model based
f_:: on physical principles but containing approximations. This type of
J'\-
o model is generally less sophisticated than the full physics model and is
\!
S easier and legss costly to run. The third category is the nodel based on
= o : .
- empirical fits of data. An empirical model is very fast running and
)
“ inexpensive to use.
N
353 The purpose of this project is to produce 1 aet of empirical
.‘ .
~
'J:::'_ equations to model the fractional rate of arrival of raliouactivity on
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IT. Background

Since the commencement of peacetime atmospheric testing of nuclear

«

§E§ weapons, residual radiation has been recognized as a hazardous nuclear
Sy

;ig effect. Even before the first detonations which produced significant
,_.1 local fallout, the concept of fallout was known uand published (11:15).
?g% In the intervening years numerous models have been developed to predict
-;;: radiation fallout characteristics. The models may be classified as
;_,\ either disk tossers or smear models.

Eé;i Disk Tossers. The disk tosser fallout prediction model discretizes the
;:E: nuclear debris cloud into elements (at least one dimension of particle
.tfﬁ size and one of space (3:205)) and follows the time history of each
E;E element. Superposition of all grounded elements yields the fallout
;ézi footprint. Because of the numerical quadrature of disc tosser codes,

G

computers are required to complete the calculations. The Department of

&

¥

igﬂ Defense Land Fallout Prediction System (Ref. 5), DELFIC, is a disc
o
_:{? tosser code and is generally regarded as the foremost of such codes. It
NG is a full physics model and uses a quadrature of up to 13,000 elements
i&:' to describe the local fallout pattern (7:27). Such required fine meshes
-~ A
‘j:Q are expensive in computer time and money.

'3;. Smearing Codes. Smearing codes do not discretize the stnhilized debris
IS

o

A cloud into a fine mesh for numerical transport >f each element until

Ay

4t; ground impact, but rather continuously deposit thr activity in the
ﬂ\‘ stabilized cloud along the ground until all radiractivity of interest is
-\ .ﬂ

O

:}: grounded. The process may be compared to smeariny a piece of chalk
P

:}: continuously along a chalkboard until the initial piece is entirely
@
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depleted. Hence the label of smearing codes. Yigure IT-1 is an

‘ ; illustration of the smearing process.
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5 Figure II-1 Smearing a Radioactive Debris Cloud

N One of the earliest smearing codes was created ty the Weapons

Systems Evaluation Group in the Pentagon. The heart of the code, called

I
Pl

WSEG-10, lies in a function g(t) (10:208), which is defined in the WSEG-

r
" l"‘

/)

10 report as follows "Specifically, for any radioactive cloud

configuration there exists some function of time, 2(t), that represents

200K .

'u

the fraction of total radioactivity that arrives on the .round per unit

ol

-;'J))I;".

time." (9:4). The smearing equation using g(t) is

.q...o t
o Alx,y,t) = Ap(t) [ £(x,y,t")a(t")dt’ [Ret 5 eqn ()] (1)
A o
e
=
where A(x,y,t) is the agtivity footprint on the zround
e .":\’ in Curies/m
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Ap(t) is the total radioactivity in the cloud at time t
in Curies

f(x,y,t') is the normalized distribution of activity per
area horizontally across the cloud at time t
in 1/m
The integral term smears the horizontally distributed activity cloud
along the ground at a rate determined by g(t) (3:208).

WSEG-10 has been in use continuously for the last 20 years. Its
popularity is due partly to its simplicity and fast computation time
(2:11I-2). WSEG-10 uses as the g(t) function a simple decreasing
exponential which was fit to nuclear test fallout data.

But WSEG-10 has come under strong criticism by Russell (10:209) for
its treatment of particle size distribution, fractionation, and g(t); vy
Polan (8:31) for its [lack of] treatment of particls sizes and settling
rates; and by Norment (7:103) for the slope of the particle size -~
activity distribution. Fractionatinn is the process wher-by part of the
radioactivity in the stabilized debris cloud is listribited throughout
the volume of fallout particles and the remainder o the radioactivity
is distributed on the surface of the particles. Bridgman and Rigelow
have published a new fallout prediction smearing model [Ref. 3) which
derives the g(t) function from physics and a result i Jependent on
particle size - activity, particle settling r4t s anl accounts for
fractionation (3:20.)

The Bridgman - ™ .. . »>del is the model ased 1 203 project,
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III. Method

Theory. If a particle activity-size distribution, A(r), can be
determined, the fraction of activity arriving on the ground must be
related to A(r) by (3:210)

g(t) dt = -A(r) dr (2)
The minus sign indicates particles of decreasing radius are reaching the
ground as time increases. Then
g(t) = -A(r) dr/dt (3)
For a particle number-size distribution, N(r), which is taken to be a
log-normal distribution, calculation of the activity-size distribution
is straight forward. The log-normal distribution is
N(r) = NT//TE;SBr exp(-1/2)[(1n(r)-ao)/ﬁ] (4)
where a, is the logarithm of the median particle radias
B is the geometric deviation
Np is the total number of particles
If all of the activity in the stabilized cloud were distributed in the
volume of the fallout particles then the activity-size distribution
would be proportional to the third moment of N(r). 1I1f all of the
activity were distributed only on the surface of the particles then A(r)
would be proportional to the second moment of N(r). A property of log-
normal distributions is that the nth moment of such a distribution is
itself a log-normal distribution with the same geometric deviation, 8,
and an a defined by the relation (1:12)
a, = a,* nB (5)
where a, is the logarithm of the median particle radius. Since a

portion of the radioactivity in the stabilized nlond is volume

distributed and the remainder is surface distributed, the activity-size

1E=t
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distribution can be expressed as a weighted sum of two log-normal

distributions
A(r) = Fvag/[/T2m)8r] exp(-1/2)[ (1n(r)-as)/8]°
+ (1-Fv)ag/[/T2T)Br] exp(-1/2)[ (1n(r)-a,)/8]? (6)

where An is the total activity at time t
Fv is the fraction of activity that is volume distributed

Using appropriate fall mechanics for particles descending in
atmosphere the time for a particle of radius r to reach the ground from
an initial altitude can be determined, and dr/dt can be found.

Model. A fast running computer code based on the smearing model
developed by Bridgman and Bigelow (Ref. 3) was used to generate g(t)
data for this project. The Bridgman-Bigelow model, hereafter called the
AFIT smear model, was chosen because it accounts for fractionation and
it contains a g(t) function which was derived from physical principles
rather than empirical fits to available test shot data. Further, the
g(t) values calculated with this model have been shown to agree well
with DELFIC predictions (1:VI-2). Figures II[-1 through ITI-5
illustrate this agreement.

The Bridgman - Bigelow method was recoded by this author and the
source program is listed in Appendix A. Inputs to this code are
particle size distribution parameters, fractionation ratio and the
desired yield. The program will compute g(t) data for fallout to any
time after cloud stabilization. ¥or purposes of this project data was
limited to local fallout where local fallout is defined as that

radioactivity which reaches the ground within 24 hours.
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Procedure. For each particle size distribution listein Table
III-1, g(t) data were generated for five different nuclear yields. All
of the distributions are log-normal. The five yields chosen were 1
Kiloton (KT), 10KT, 100KT, 1 Megaton (MT) and 15MT. The four smaller
yields are standard yields of interest. The 15MT yield was chosen
because of the fallout data available from test shot Castle Bravo where
the yield was approximately 15MT (4:37). The generated g(t) data were

then fit with a Laurent series for each yield

c. ¢-i (7)

g(t) =} ¢

i

W t~1-3

i

where Cy is the coefficient of the ith term
t is the time of activity arrival on the ground

Table [II-1
Particle Size Distributions
Distribution Median Geometric Fractionation
Name Radius Deviation Value
(um)

DELFIC Default .204 4.0 .68
High Yield

Standard 1.4 2.16 .74
Low Yield Standard 157 4.0 .66
NRDL-C61 .0424 5.376 .74

Geometric Deviation and Fractionation Value are dimensionless.

The DELFIC default distribution is the particle size distribution used
by the DELFIC disc tosser code on the absence of other operator input.

The remaining distributions were used by Norment in a DELFIC sensitivity
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study (6:25). The High Yield Standard distribution was intended to
represent the distribution used by WSEG-10. The Low Yield 3tandard
distribution was chosen to represent the particle size-activity data
from the Small Boy test shot (2:II-13). The NRDL-C6! distribution was
used by the Navy Radiological Defense Laboraiory to describe Jouth
Pacific Coral. The fractionation values are taken from worx by Bigelow
(2:1v-3).

Table II1~2 is a compilation of the Ci's for the Laureant (it to the
AFIT smear code g(t) data generated by uaing the DELFIC d2fault particle
size distribution. A polynomial least squares fit was made of each set
of Laurent coefficients, that is, the five C1's, the five 02's, etc. as
follows:

c. =

i K§ [ 1n(ym) ]! (3)

1

it e~s

J

where C; is the Laurent coefficient being fit

is the polynomial coefficient

is the nuclear yield in megatons

is the degree of polynomial required to
fit the Laurent coefficient

iy

Table ITI-3 is a matrix of Kj's for the DELFIC default distribution
Laurent coefficients. Appendix B contains tabular listings of the
Tiaurent and polynomial coefficients for all the size distributions
analyzed.

The benefit of fitting the Laurent coefficients with = polynomial
is that g(t) data can then be calculatedi for any arbitriry nuclear yield
between 1KT and 15MT for any of the four particle size di:tributions.
An illustrative example follows.

Find the fractional activity deposition rate, ={t), at the arvival

time of 2 hours given a HS0KT yield (.05 and wxing: the DELWFIC default

-9
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NN particle size distribution. Using equation 3,

K1*#[1n(.05)]0 + k2*[1n(.05)]" + k3*[1n(.05)]?

()

[ + k4*[1n(.05)]% + k5[1n(.05)]4
wht o1

-.00117313%(-2.996 )0 +.00004020%(-2.996)"
+.00000601*(-2.996)2 -.00000427*(-2.996)>
-.00000077*(~2.996)4

-.00117313 -.00012044 +.0000539% +.00011483 -.00006204

C1

-.00118683

C1
N 02 through C7 are calculated in the same manner. Using equation 2 with
the calculated Laurent coefficients

-.00118683/1 +.14255015/2 +.08281579/4 -.08734622/3

g(2 hr)

oo +.,03127940/16 =.00532854/32 +.00035457/64 per hour

]

g(2 nr) .0817 per hour
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IV. Results

AN .-
(' Accuracy of Laurent Series Fit. Tour particle size distributions were
%i used to generate g(t) data for five different nuclear yields. The g(t)
ﬁ; data for each yield in each distribution were fit with a Taurent series.
- To achieve a fit of good accuracy, g(t) data from .2 hours to 24 hours
;f after cloud stabilization time were used, and coefficients for a sixth 2
E? degree Laurent series were computed. By ignoring data from times
v earlier than .2 hours the Laurent series coefficients will produce g(t)
S
_gﬁ data that is within approximately 4 percent of the smearing code g(t)
;Eﬁ data in most cases. Ignoring the data from times earlier than .2 hours
F- is an insignificant restriction because radiocactive fallout is rarely a
‘:f concern so soon after a nuclear detonation. Other nuclear effects are

of greater and overriding concern.

G.

The only exception to the 4% agreement over the range .2 < t < 24

- hours is the 1KT yield of the Migh Yield Standard particle size
Ei distribution. The High Yield Standard distribution produces a g(t)
X function characterized by a very sharp peakx followed by a slowly
:g dropping plateau. The achieve a Laurent fit with accuricy of order 4
; percent it was necessary to fit two different time intervals. The time
;; intervals chosen were from .3 to 2 hours and from 2 t5 24 hours. Table
%EL IV-1 illustrates the accuracy of the Laurent fit for euch of the five
i;l yields in each distribution. The g(t) data generated using the Laurent
= fit are compared to the g(t) data computed with the AFIT wanearing nmodel.
}: Tabular liats of the TLaurent anries coefficionts are provided in
7

Appendix B.
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Table IV-1
Laurent Fit to Smear g(t) Data

Distribution Name Yield Percent Error*
DELFIC Default 15MT 2.62
1 MT 2.65
100KT 3.02
10KT 2.07
1KT 3.14

High Yield Standard

+3 - 2 Hours 15MT 1.06
1MT 1.27
100KT 0.88
10KT 1.03
1KT 0.20
2 - 24 Hours 15MT 1.50
iMT 0.70
100KT 2.56
10KT 4.02
1KT 53.0
Low Yield Standard 15MT 1.05
iMT 0.83
100KT 2.67
10KT 3.60
1KT 2.28
NRDL-C61 15MT 1.25
IMT 0.55
100KT 1.23
10KT 2.92
1KT 2.28

* Absolute error is noted. Actual percent error is
sometimes positive or negative due to the oscillatory
behavior of a high degree Taurent series fit.
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Accuracy of Polynomial Fit to Laurent Coefficients. *ach =et of Laurent

series coefficients for the five chosen yields in each particle size
distribution was fit with a polynomial series as a functicn of yield.
That is, the set of five Ci's, five C2's, etc for each distribution were
fit with polynomials. The polynomial fits to the Laurent coefficients
provide the capability to generate g(t) data for any nuclear yield
between {KT and 15MT. To achieve an accurate fit coettficients for
polynomials to 4th degree were computed. Coefficients ior 3rd degree
polynomials were computed for all four particle size distributions and
coefficients for 2nd degree polynomials were computed for the DELFIC
default and NRDL-C61 distributions. 1In all cases the higher order
polynomial yields the most accurate computation of glt) data, although
satisfactory results may be obtained from seconi order polynomials in
some cases. Table IV-2 is a listing of the accuracy of g(t) data
calculated with the polynomial fits to the Laurent cocfficients as
compared to the g(t) data generated by the AFIT umear model. Tabnlar
lists of the polynomial coefficients are provided in Appendix B.
Coefficients for 2nd degree polynomials are listed for those
distributions where the accuracy of the g(t) data for tne 3rd degree
polynomial is generally within 5.0 percent of the AFIT smear model data,

In Appendix B Figures B-1 through B-20 graphically compar: the g(t)
data for each of the five yields for each particle size distribution.
Bach figure displays the g(t) data as computed by the AF[T smear model,
the Laurent fit to the smear model and all applicable polynomial fits to

the Laurent coefficients.
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-:: Table IV-=2

- Accuracy of Polynomial Fit g(t) Data

- Distribution Name Yield % Error % Rrror % Error

. 4th Deg. 3rd Deg. 2nd Deg. d
) Polynom. Polynom. Polynom. ¥
b - :
- DELFIC Default 15MT 2.62 2.45 3.49

- 1MT 2.64 3.48 4.49
3 100KT 3.02 2.82 2.62

TN 10KT 2.07 1.51 5.00

N 1KT 3.09 2.80 3,58
“.\
K.

o High Yield Standard
e~ «3 = 2 Hours 15MT 1.13 5.71 N/A
o 1MT 1.00 12.13 "
) 100KT 0.33 9.35 "
B, 10KT 0.25 2.97 "
N 1KT 0.21 0.7% "
Y

-} 2 ~ 24 Hours 1SMT 1.49 1.67 N/A

X IMT 0.70 1.37 "
o 100KT 2.56 1.67 "

2 10KT 4.06 6.56 "

1KT 54.41 43.60 "
Pt
Low Yield Standard 15MT 2.57 7.1 N/A
o 1MT 0.83 2.14 "
W 100KT 2.67 4.81 "
- 10KT 3.60 33,21 "
1KT 3.24 135.7 "

N

"-.3 \
o NRDL-C61 15MT 1.24 1.30 2.16 .
! 1M 0.55 0.94 4.30 )
- 100KT 1.22 1.52 1.21 |
A 10KT 2.87 2.71 5.67 }
é 1KT 2.54 2.32 4.22
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ot ‘ V. Conclusions and Recommendations
-.(:. .._t.
- .) . T
(: Conclusions. The fractional rate of radioactivity deposition, g(t), can
EAC _—
.::: be calculated using an empirically derived Laurent series equation. A
- ‘.\
e
ﬁ%j‘ polynomial function of nuclear yield can be used to calculate Laurent

coefficients which are in turn used to calculate g{t). Values of g(t)

thus calculated will be within 4 percent of values producnd by the AFIT

ﬁiif smear model. An exception is calculation of low yield s(t) data using
N,

. the High Yield Standard particle size distribution. Calcalation of g(t)
?&p data can be made at an accuracy of 4 percent for nuclear yields between
AN

;iii 1KT and 15MT. This range is sufficiently broad for accommodation of
:ﬁ; tactical and strategic applications.

"

- :: Use of 4th degree polynomials will produce g(t) values which most
S}E closely approach the values produced by the AFIT smear nodel. Use of
‘,\ ira lower degree polynomials yields percentage errors of less than 5 percent
é;ﬁ in some cases, as shown in Table IV-2.

355 No attempt was made to extend the useful range beyond the limits of
_;ﬂ 1KT or 15MT. 1In general, attempts to calculate g{t) data for yields
‘kgﬁ outside this range may result in large percentage crroras.

:-: Values of g(t) may be obtained with the aid »f any hand calenlator.
033 Large computer systems like those required for DELFIDY or small syastems
Eg; like those required for fast running amearing codes such as the AFIT
:Sj smear model are not required. The capability to detaruine fractional
.u:; fallout rates without computer asalstance is advantageoas to military
s

3; field commanders and planners.

igg Recommendations. 0Only four parti:le size distribations were analyzed.
N These distributions were developed t» represent levada test site soil
S
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['}j and South Pacific coral. Other particle size distributions for soils

which are of interest to military commanders ani plannsrs should be

developed and analyzed.
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Appendix A
{.
S This appendix contains the computer listing of the code "PROGRAM
gi%; g(t)". It was written in BASIC for a Nippon Electric Corporation (NEC)
itét personal computer.
.“:j The code was written to generate the AFIT smear g(t) data for this
fi:& project. Requirements were to provide g(t) data for five specific
D
J:) yields. Using the pancake approximation of the nuclear debris c¢loud
‘*:i (3:214) would necessitate reading into the code not wore than 10 sets of
;;E Laurent coefficients. In the interest of flexibility and generality,
;h‘ all the Laurent coefficients were read into the program which are
'zé; required to enable calculating the g(t) data for any yields up to 15MT.
fgi The following is a glossary of variables used in the code.
o

:{: Variables
.'.-':
l‘~‘
}:j A0 - The log of the mean particle radius
:.'. A2 - Log-normal distribution parameter of the second moment
..-‘\-:' of the particle size distribution
)
f;: A3 - Log-normal distribution parameter of the third moment
}:y of the particle size distribution
us "y
- AR - Activity of particle of radius R
e
S B - Log of the geometric deviation of the particle size
Sy distribution
‘;‘f C1 through C7 - Laurent coefficients for R = F(t,%Z) for
ffj AFIT smear model (3:214)
e
N,
:*\ DR - rate of change of radius of particle reaching the
P, ground in interval &t
l‘.
> FV - Fractionation ratio
4‘-‘;5‘- Py
a7
s
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2
A AT
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GD - Geometric deviation of p.rti-ie 3i-e
) GT -~ Fractional arrival rate of actiszit:

HC - Center of stabilized nu:'var Jelris -~

HM - Center of stabilized auc .ear ferris

N$ - Name of particle size d.:tr. v .o

PR = Mean particle radiis i~ -

TA - Time of arrival of a:ti. . -

YK = Nuclear yield in kilot.o

YM - HNuclear yield in mepatons

LTI

e
{l.
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i 10 "PROGRAM g(t)
:.i 20 'This program is a smearing fallout prediction code fur
. - 30 'the calculation of g(t) data. The code is based on the

( 40 'AFIT smearing model. The program, as written, will
"\ 50 ‘generate g(t) values for five different nuclear yields.
3: 60 'The yields are 1KT, 10KT, 100KT, 1MT, and 15MT.
) 70
3\ 80 'The particle size distribution parameters must be inpat.
., 90 ®
100 INPUT "DISTRIBUTION NAME" ;NS
A 110 INPUT "MEAN PARTICLE RADIUS, [um]" ; PR
- 120 A0 = LOG(PR)
Ny 130 INPUT "GEOMETRIC DEVIATION, 8" ;GD
2 140 B = LOG(GD)
] 150 INPUT "FRACTIONATION RATIO " ; FV
\ 160 '
> 170 PI = 3.14159
. 180 ]
)i 190 DIM C1(85) ,c2(85) ,c3(85) ,c4(85) ,C5(85) ,06(35) ,07(85)
¥, 200 DATA -.42494E-15, .37874E-12,-.99764E-10, .23375E-07,
4 -83123E-06,-.17840E-05, .13110E-04
iy 210 DATA -.13323E-13, .59598E-11,-.78875E-09, .92734E-07,
"~ «16550E-05, -. 17823E-05, .18523E-04
N 220 DATA -.99099E-13, .29668E-10,-.26305E-08, .20692E-06,
N «24T7T13E-05,~.17806E-05, .22664E-04
o 230 DATA ~.40897E-12, .92185E-10,-.61605E-08, .36479E-06, .
0 +32801E-05,~.17789E-05, .26144E-04
\ 240 DATA -.12220E-11, .221238-09,-.11887E-07, .56516E-06,
s -40812E-05,-.177T1E-05, .29202E-04
" 250 DATA -.29772E-11, .45092E-09,-.20291E-07, .80695E-06,
" «48748E-05,~.17754E-05, .31958E-04
'S 260 DATA -.63023E-11, .82136E-09,-.31838E-07, .108925-05,
~ .56610E-05,-.17T44E-05, .34484E-04
270 DATA -.12036E-10, .13778E-08,-.469638-07, .141078-05, )
" .6439TE~05,-.17740E-05, .36829E~04 -
- 280 DATA -.21240E-10, .21698E-08,~.66068E-07, .177058-05, X
- JT2111E-05,-.17732E-05, .39024E-04 .
'j 290 DATA -.35220E-10, .32509E-08,-.89534E-07, .216731-05,
«T9750E-05,~.177218-05, .41093E-04
- 300 DATA -.5553%4E-10, .46784E-08,-.11772E-06, .260028-05, .
. .87317E-05,-.17709E-05, .43055E-04 y
{: 310 DATA -.B4005E-10, .65129E-08,-.15098E-06, .3006825-05, .
N +94814E-05,-.17695E-05, .44924E-04 .
~ 320 DATA -.12271E-09, .88171E-08,-.18962E-06, .357020-05, y
- «10224E-04,-.17681E-05, .46711E-04
e 330 DATA -.1T7400E-09, .11656E~07,-.25394E-06, .4104%28-05, .
. -10959E-04 , -. 17664E-05, .48425E-04 .
" 340 DATA -.24045E-09, .15094E-07,-.28419E-06, .467221-05, p
> .11688E-04,-.17647E-05, .50073E-04
" 350 DATA -.32495E-09, .19202E-07,-.34063E-06, .52701E-05,
i +12409E-04,-.17630E-05, .51662E-04
~ e 360 DATA -.43064E-09, .24047BE-07,-.40353E-06, .58983E-05,
) .
NI
N
‘ A=3
\: .
~ .
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..............................................
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370
380
390
400
410
420
430
440
450
460
AT0
430
490
500
510
520
530
540
550
560
570
580
590
600
610

620

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

J13123E-04,-.17611E=05, .53196E-04
~.56087E=09, +29700E=07,-.475081-0¢,
J13831E-04, . 17592E-05, .546318-04
-.71923E-09, +36229E-07,-.543471-05,
.14531E-04,-.175T2E-05, .56121E-04
~.90951E-09, .43702RE-07,-.63286%-06,
.15225E-04,-,17552E-05, .57518E-04
~.11358E-08, .52139E-07,-.72345E-064,
.15912E-04,-.17531E-05, .53375E-04
-.14023E-08, .61762E-07,-.82138E-06,
.16593E-04,-.17510E-05, .60196E-04
-.1T135E=08, .72488E-07,-.92678E-06,
17266E-04,-.1T489E-05, .51483E8=04
~.20740E-08, .84430E-07,-.103988-05,
.17934E-04,-.17467E-05, .62738E-04
~.24884E-08, .97653E=07,~.11604E-05,
.18594E-04, -.17444E-05, .63962E-04
~.29616E-08, .11222E-06,-.128375-05,
.19248E-04 ,-.17422E-05, .65153E-04
~.34988E-08, .128208-06,~.14250E-05,
.19896E-04, ~.17399E-05, .66527E-04
~.410518-08, .14566E-06,-.156915-05,
.20537E~04 ,~.17575E-05, .67470E=-04
~.47859E-08, .16464E-06,-.17212E-05,
<21171E-04,-.17353E-05, .63588E-04
~.55464E-08, .18522E-06,~.1381458-05,
.21799E-04,-.17331E-05, .695684E-04
~.63918E-08, .20744E-06,~.20495E8-05,
.224208-04,-.17310E-05, .70757E=04
~.73276E-08, .23135K-06,-.22256E-05,
.23035E-04,~. 172878-05, .71309E=04
-.835918=08, .25700K=06,~.24098E-05,
.23645E-04, -, 17264E-05, .77 340E-04

~-.94915E-08, .284448-06,-.260138-05,

<24248E-04, - 172415~05, .7/ 3352E-04
<. 10730E-07, «313570E=06,-.23013K8-05,
J24348E-04, - 1721 TE=05, .7TA345E=04
- 120808-07, «344821E-06, -.300961-05,
. 25435E-04,-.1T192E-05, ./5319E-04
— 1354T8=07, J3TIB6E-06, -.3.0545-05,
. 26020E=04, =, 1 T1678-05, 767 778-04
= 15136E-07, .41285E=06,-.344391-05,
L26600B-04,=.171418-05, /7 71:4=04
- 168528-07, .449815-06,-.3630118-05,
S2TVT3E=04, = ATI15E=05, .'[:36425=-04
- ABTO0R-07, AB376E=06,-.3)1398-05,
L2TT41E-04, -, 170888=05, .79551E-04
-.20685E-07, .529731-06,-.415521=05,
. 28302E-04, -, 1706 1E-05, 8J445E-04
-.22812E-07, .5T7277E-06,~.441308-05,
. 28859E-04,-.17034E-05, .31324E-04
-.25085E-07, .61788F-06, - 46302105,

A-4

LS ARAVEER DE IO AT
ST =08,
S TN A TI0h
R MAPRO RO LN
SOLBT =05,
JA02471-04,
1060 -04,
11395:-04,
1277573804,
RETS AR
S1AB 30N =D4
1BAN2ES04
L16320K =04,
SNT34T =04
L3I 0=04,
L1 0E-04,
» 2031 36=04,
<21 3408-04,

] "
L0 on=04,

. 24‘1'i 7]':‘()4 ’
e 2HHHON-04

2664 31-04
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37
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630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
330
840
850
860
870

880

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

.29409E-04,~. 1TO06E-05, .82189E-04
- 27509E=-07, .66508E-06,~.49486E-05,
.29955E-04, ~.1697TE-05, .83040E-04
-.30087E-07, .71436E-06,~.5224158-05,
.30494E-04,~.16948E-05, .833378E-04
-.32824E-07, .T6576E-06,~.55066E-05,
.31028E-04,~.16918E-05, .347028-04
-.35727E-07, .8193%2E-06,~.57962E-05,
.31556E-04,~.16889E-05, .85514E~04
-.38798E-07, .87504E-06,~.50928E-05,
.32079E-04,-.16859E~05, .86314E-04
-.42040E-07, .93289E-06,-.639608-05,
.32596E-04, -.16829E-05, .87102E-04
-.45454E-07, .99285E-06,~.67056E-05,
.33108E-04,~.16799E-05, .87878E-04
-.49044E-07, .10549E-05,~.70214E-05,
.33614E-04,~.16768E-05, .88642E-04
~.52814E-07, .11191E-05,~.73434E-05,
.34116E-04,~.167368-05, .89395E-04
-.56767E-07, .11855E-05,~.76715E-05,
.34613E=-04,~.16704E-05, .90137E-04
~.60903E-07, .12539E-05,~.800538-05,
.35105E-04,-.16672E-05, .90868E-04
~.65224E-07, .13243E-05,-.83446E-05,
.35592E-04,~.16639E-05, .91589E-04
~.69730E-07, .13968E-05,~.36892E5-05,
«36074E-04,~.16604E-05, .92301E-04
-.T44218-07, .14712E-05,~.90389E-05,
.36550E-04,~.16568E-05, .93006E-04
~.79296E~07, .15476E-05,-.939348-05,
.37020E-04,~.16530E-05, .93705E-04
-.84357E-07, .16258E-05,-.97528E-05,
. 37483E-04,-.16490E-05, .94397E-04
~.89603E-07, .17059E-05,-.10117E-04,
«37941E-04,~.16449E-05, .95082E-04
~.950318-07, .17878E=05,-.10485F-04,
.38393E-04,~.16406E-05, .95761E-04
~.10065E-06, .18T15E-05,-.10857E-04,
.38840E-04,-.16361E-05, .96434E-04
~.10644E-06, .19569E-05,-.112335-04,
.39282E-04,-.16314E-05, .97101E-04
~.11242E-06, .20439E-05,-.11612E-04,
.39719E-04,-.16266E-05, .9/7618-04
~.118588-06, .21326E-05,-.11995E-04,
.40152E-04,-.16216E-05, .93416E-04
- 124918-06, .22229E-05,-.123813-04,
«40578E-04,-.16164E-05, .9)545-04
- 13144E-06, .23149E-05,-.127713-04,
<41000E-04,-.16110E=05, .29707E~04
-.13814E-06, .24084E-05,-.13164E-04,
.41418E-04, . 16055E-05, .10034E-03
~.145013-06, .250%38-05,-.13559E-04,

A-%

S310962-04,
L322501=04
« 3352 =04,
$343224-04,
«350801-04,
« 3683473504,
L3801 25-04,
$3913510-04,
A030318-04,
A15448-04,
SAZT29E-04,
AZIOER=04,
LANTOLE=04,
LAB2941-04,
ATAB4R-04,
ARGTAR-04,
LAORGR=04,
.510495-04,
522541-04,
5341704,
«545931-04,
SOSTA-04,
LE0DAT-04,
L5911 38-04,
. 5925361=-04,

H044 =04,

........
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e .41832E-04,-.15998E-05, .100975-03

Lo 890 DATA -.15205E-06, .25996E~05,-.17956E-04, .610051-04,
OO <42242E-04,~.15939E-05, .101608-03

LA 900 DATA -.15Y26E-06, .269T1E-0%,-.14356E-04, .627H01=04,
A +42649E-04,~.15879E-05, .10222E-03

DN 910 DATA -.16663E-06, .27961E-05,~.14757E=04, .A39028-04,
b, .43052E-04,-.15817E-05, .10283E-03%

- 920 DATA -.17418E-06, .28964E-05,-.151618-04, .A5044E-04,
A «43450E-04,~-.15753E~05, .10344E~03

) 930 DATA -.18189E-06, .29980E-05,-.15567E-04, .661801-04,
j&}i .43845%8-04,~.15683E-05, .10405E-03

0 940 DATA -.18975E-06, .31006E-05,-.15973E-04, .5730)5-04,
S5 «44237E-04,-.156218~05, .10464E-03%

I 950 DATA -.19776E-06, .32043E-05,-.16381E-04, .A34301-04,
"o +A4626E-04,~-.15552E-05, .10524E-03
L 960 DATA -.20593E-06, .330912-0%,-.16790E-04, .695358-04,
SRR «45012E-04,-.15482E-05, .10582E-03

s 970 DATA -.21423E-06, .34147E-05,-.17200E-04, .706521-04,
e .45396E-04,~.15410E-05, .10640E-03

e 980 DATA -.22269E-06, .35214E-05,-.17610E-04, .717%315-04,
N A5TTTE-04,-.1533TE-05, .10698E-03

- 990 DATA -.23128E-06, .36290E-05,-.180212-04, .723468-04,
RO +46155E-04,-.15261E~05, .10755E~-03%

ey 1000 DATA -.24001E-06, .373738=05,~.134320-04, 739301804,
e VA65318-04,-.15184E-05, .103128-03

o 1010 DATA -.24836E-06, .38464E-05,~.138438-04, .7500615-04,
haie e .46906E-04,~.15106E-05, .10368E-03
C ®. 1020 DATA -.25783E-06, .39561E-05,-.192548-04, .76072E-04,
T +47279E-04, -, 150278-05, .10924E-03

N 1030 DATA -.26692E-06, .406641E-05,~.19663E-04, .771291=-24,
- - 4T651E-04,-.14946E-05, .10979E-03

o 1040 DATA -.27611E=06, .41772i-05,-.2007218=04, .71 776-04,
e .48021E-04,-.14863E-05, .11033E-03
- 1050 FOR I = 1 TO 85

o 1060 READ C1(I),c2(1),c3(L),04(1),o5(1),06(1),c7(1)
W 1070 NEXT I

T 1080 YK = 1

NN 1090 YM = YK/1000

T 1100 IF YM = 10 THEN YM = 15

S 1110 "COMPUTK FALLOUT ‘TIME OF ARRLVAL,TA

e 1120 TA = .1 'HOURG

o 1130 IF TA < .15 THSN COSUB 1510

T 1140 'comMpuvis g(ta) [1/Hr]

o 1150 GT = O

;;,- 1160 GOSUB 1270
s 1170 LPRINT USING “## .41 "L G

O 1180 IF TA >= 24 THIEN LPRINT CHR$(1.)

e 1190 IF TA>= 24 THEN 1230

AN 1200 IF TA < .1 THEN Ta = TA + .01:Q07) 1140

- 1210 IF TA < 1! THEN TA = TA + .1:507) 1140

";; 1220 IF TA < 24 THEN TA = TA + 11i0To 1140

=~ . 1230 YK = YK * 10
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1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350

1360

1370
1380
1290
1400
1410
1420
1430

1440
1459

1460

1470
1480
1490
1500
1510
1520
1530
1540
1550
1560

1570 LPRINT" YIELD =";YM "MT"
1580 LPRINT "
1590 LPRINT " TIME OF SMEAR "
1600 LPRINT " ARRIVAL  G(T) N
1610 LPRINT ""
1620 RETURN
A=T
N ',d-," IQ" ..,/' <. 7 "."-. O N ..J‘" "l'.-.. AR - .-‘ . :-'.--\- (-‘ R L

I[F YK > 15000 THAEN END ELSE 1090

’
3 3 W N

'SUBROUTINE G{ta)
¥ 36 309 36 W 36 W W W W W 6% %

'COMPUTE HEIGHT OF CLOUD CENTER,HC IN KILOFEET
HC = 44!1+6.1*L0G(YM)=.205*(L0G(YM)+2.42)*ABS(LO3(YM)+2.42)
'COMPUTE R IN METERS

HM = HC*1609/5.28 'METERS

N = HM \ 200

RS = C1(N)/TA®5+C2(N)/TA4+C3(N)/TA"3+C4(N)/TA2+C5(N)/TA
+C6(N)+C7(N)/SQR(TA)

RG = C1(N+1)/TA*5+C2(N+1)/TA4+C3(N+1)/TA3+C4(N+1)/TA"2

+CS(N+1)/TA+C6(N+1)+C7(N+1)/SQR(TA)
'INTERPOLATE TO FIND R
R = RG-((N+1)~-HM/200)*(RG-RS)
‘coMpPuTk A(r), AR
RM = R™E+06

A2 = A)+2%p%p

A3 = AD+3*B*B

AR = (1/(SQR(2*PI)*B*RM) )*(FV*EXP(-.5%( (LOG(RM)-A3)/R)"*2)
+(1-FV)*EXP(-.5*((LOG(RM)-A2)/B)"2)) "[1/um]

*COMPUTE dR/4T

DS = -5%*C1(N)/TA6-4%*C2(N)/TA"5-3*C3(N)/TA4-2*C4(N)/TA"3
-C5(N)/TA®2-.5*CT(N)/TA1.5

DG = -5%C1(N+1)/TA6-4%C2(N+1)/TA5=3*C3(N+1)/TA" 4
- 2%CA(N+1)/TA3-CS(N+1)/TA"2-.5%CT(N+1)/TA1.5

DR = Dﬁ-((N*1)-HM/200}’(DG-DS) '[meters/Hr]

DR = DR™£+06 '{um/Hr

GT = AR®ABS(DR) '[1/Hr]

RETURN

¢ S0 3 3 3 03 3NN

'SUBROUTINE PRINT HEADER
A6 36T 06 00T I 96 060606 JE 0 0
]

LPRINT" DATA FOR "; N$;" PARTICLE SIZE DISTRIBUTION"
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Appendix B

The material in this appendix is organized in four major ;ections.
one for each particle size distribution. Each section contains a table
of Laurent coefficients, two or three tables of polynomial coefficients
and five figures.

The Laurent coefficients are used in the function

[ B |

g(t) o
1

1-1 (
1Ci t (1)

where g(t) is the fractional rate of radioactive fallont

deposition per hour
t is the time of arrival in hours

The polynomial coefficients are used in the function

C; =

Hes-13

Kg [1n(Ym)]d-! (8)
1

J

where C; is the g(t) Laurent coefficient
YM is the nuclear yield in megatons
n is the degree of polynomial
Bach figure illustrates the g(t) function as computad by the AFIT

smearing model, by using eqn (2) and by using the coefficients for each

degree polynomial in eqn (3).
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RO CARNS

AN

\.I
SN Tahle B-3
) ﬁ:i 3rd Degree Polynomial Coefficients
( for DELFIC Default Distribution

W

.\‘..

sJ .

W c K1 K2 K3 Ké

A

< 1 -.00120380 -.00001598  .00000807  .00000241
e

-“‘

= 2 .14890350  .00118664  -.00014724 .0000 34473
N\’

ot

1% 3 07865119  -.00207473  -.00058010  .00001450
Ay 4  -.11945574  -.00953216  .00151900  .00016882
x
:2% 5 .05029468  .00642302  -.00058696  -.00010676
o 6  -.00935487 -.00147684  .00007794  .D0002143
- 7 00065158  .00011589  -.00000296  -.00000144

A Table B-4

v

' 2nd Degree Polynomial Coefficients for
, DELFIC Defanlt Distribution
s
o c K1 X2 K3
5\ -— e e e e e = = = — = = = —
2
Fﬁ: 1 -.00112340 . 00000003 - .00000709
Ay
- 2 15005157 00141522 -.00036363
AN .
o 3 .07913485 -.00197843 -.00017126
’ .
!\,
- 4 -.11382593 ~.00841125 00045792
At
O 5 04673433 00571415 . 00008408
o 5 -.00864028 -. 00135456 -, 00005674
>
E: 7 .00060359 .00010633 .000)0609
N
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High Yield Standard Distribution
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N Table B-7
ene el 3rd Degree Polynomial Coefficients
(f s for High Yield Standard Distribution

.

%

3
T c X1 K2 K3 Ka
o~ B EARAERE R

) 0.% to 2.0 Hours

%

- 1 ~. 12683299 01608440 00693177 L0074 5510
._3_:

o 2 1.05407010  -.037094%9  -.03859513  ~.7137905
L 3 -1.29839134  -.04447673 L07151624 LODBREGED

:%"; 4 70930171 04021040  -.04955120  ~."0473401

S 5  ~.20022912  -.00351467  .01663904 02145439

b
o

.02836140 -.00285%29 -.00282655 ~-.000174730

ol 7 -.00156811  .00053756  .00019731  .0000)443
i

o}

2.0 to 24 Hours

i
el 1 ~.00016787  .00023201  =-.00012187  =.00002110
- 2 ~.02337136  -.010529:6 00639659 00075662

- 3 4.70628517 63519007  =.16249248  -.01993053
:. 4 -28.52362613 =-6.4714694%  1.34574654 . 20414209
5  97.72966520 28.04537344 -5.39643250  -.00%27624
‘ 6 =176.19628656 ~57.28467% 78 10.51620436  1.87146495

e 7 124.88825047 43.75184798 =7.78832386 -1.44122960

®: -1

........... -, '._;.._:.._ 3 .\»’-\\\ IR
AR

'

(M}




Loail AR it Sadi B Il S

e,

O AR

-

Eaiuty it iet R e

o
Ve

AL A EALELO SO

LR Y

.’.‘-.‘

INST ‘ (3)P paepuels PISTX YOTH 9-€ °*DBTJ
(Sd4) swn]

1 1 i 1 | L 1 {

Qg'g¢ 00z 081 0°91 0%l 0°¢l 001 078 03

e

0¥

Yy eedbse( pug \pgm peanduog
y eadbBe(] Yy ‘114 pernduo] - v

<+

1174 3usuno

Joswg 1148
UN3831

o
O

I

000

S0°0

* b

(4noy ded)

010

CRNAARS ta - KA \-. ol o -:-J .fuf e .. .\ .J N --.a-.-..- .-f.. Ly J--J I oy - 4 \- T ’\ ...— v, 1
nv-hJ\)\h.-—-\bc\.r v .. \. .\ .\.u-. » (S Aw\c ~N M -'\-c. DN I N - \in--.~ .o -.- e iﬂhn .-~ .-. -.. .- .- -

L S SR

- \\
.\.\-. 55

B=15

: s."s‘:.\'i

-
v,

“u
.
—

-.c-'-.v'A.'
ot S A

araln’ s

L
e Tt
Py

A -. -
CEPAL P I PR
PO PV PR A

- . ‘n‘
e A o

Al

2N

S oA

-,
s N PP

'A&l’ e

o, 0

“a .
L
St sl

Steear

. :.(




T T

-, v

]-"‘

ce
.....

o°'ve 02 002 0°81 08l O0O°Fl o.w~ o.mﬁ 0’8 09 o'y 0'¢ 0°0

INT ‘(3)b paepue3s PIatx YybtH (-6 *DbT4
(Sdy) ewn]

1 L !

”

e N N
YRR

M T
PR

Nt
~

.-

y eedbe] pug ‘314 peinduo] -
y esdbag yip ‘114 peinduog
114 Jusdno
~oswg [T 44

aN3931

i

]
oo<qQ+

|

|

nv
w1

Nj

RS T
ERA N

0070
<

O

-

v . ‘,"

.—‘ .
Lt A" el

s0'0

() b

-

|
gr°o
B-16
YR N

(dJnoy Jed)
- ;-\";z' AN

.
.4

',-.',-.’:\ ~

Si 0
;S";'." - RN

IWT “U013ngna3sn( pJopupig p1enk Yybay

...J-.- ‘, RV A q‘. -l¢ A .- -.-n.-. AR !'c\' PR Y

Sew
AN

\,.-..A.

v P "
¥ Y r% EAENX AN . - -.- n.-u-..\ B - « NRJNISAAN -..‘ -J--Vﬂ- ;NA 4 A v 1“

"’

o

N

o

e

L EIA N e e -m N NI RA Y -:-.(-.\
LR e Y .c-.\‘.ns.-\& -.-Q-,
- l.‘ oA Y T




DL L R S )
L) - MRS
g L‘:; PN ‘.1

IMOOT ‘(3)6 pxepue3s pToTx ybtH g-d °b1d
(S4y) Bwn]

0°'¥¢ 0'¢c¢ 0°'0C 0°81 091 0¥l o._mﬁ 0’01l 0'8 g's 0’y 0'¢ 0°0

T
-

RS,

] _] ] . 1 _— ] i .l ) ! o
q8 X
o “
-2
o
o=
o —~
§e)
e 4
5 > :
e @
o2
G2 .
y eedbe(y pJg ‘314 peandwoy - :
y eadbs Y31y ‘114 pendwo] -y
. 114 3uednn] = o o E
Joewg [[4d = o B ¥
ON3937 g

N

D\
C
O

2D
O
>
0
)
C
2
m
2D
()
©
C
O
5
C
@]
D
¢P)
O
Y
)]
2O
>—~|
e
@)
D
1

INM001

vt e
OV P A

@

»
hY
OO AATTART YORRISENIRS ALY LA AN AKNIINY I PR« DR,
R --,-b.-v.\ t\-.-..--..-..-._v { .......“-...-. 4\..' r J‘.'J oy 1\-.\ -c........n.-..-..., .-' ‘vuf -I-’-.o L



8y e
RSO TS At S i S i I

A EILS S A MRS A

LRl e

-
.

4 4 %N

0°¥c

LI0T ‘(3)b paepue3s pIdTX UDBTIH
(Suy) 8wl

0'¢ 002 o©0°'8l 09t 0%l 0°¢1 001
] | ] ——ln

6-d

cUﬂ'.m

o

) eedbeq pug ‘114 pesndwoy -
y @adbsp y3p ‘174 peinduwo] -
414 juednon =
~osuwg [T 44

ON3931

0 Od4d+

e
sc'0

S0'0 00°0

C]
010

1

0;'0 S1°0
(Jnoy Jod) (M)E

Jals
P
A
LR 8 AL EO S Lttt et ey AT Y \.\”‘,..n et T YL
J-.ﬂ-AN ..- ---n\ vl\ .... Sl ..-.. .- ..-\-.. S \f--ut- \-!\-\.--. ARRAARD LN . ..- c.....-\

OS]

RN

L
F o1

e
.

S PR ]

AR

DA

RSB AR

B-18




- - >
TETETN

% e S ]
LI

~d
AN

v, -

g
%

——ry
RN

S

e

L
N

SRS SRS e g

P Sl R i 1 M
LA ALA T

RN

Al a4

™

-

A AN

0'¢c 0'0¢ 0°81 091 0°¥1 0°¢1 00l 08 0’9 0¥ a’¢ ’

INT “(3)b prepues PToTA YBTH OT-9 bTd N
(SJy) Bung o

o
5 u
=) .H.““
N ,
g
o e 2
1)
®
o’ b
oI @
(@)
c
RS
) eedbe( pug ‘114 pendwoq - + o
y @adbag yip ‘114 peinduoc]g -~ ¢ @
114 JUBJNDT =~ g
Joeus 1144 =a
ON3931 -
o

INI Uo1Ing1aysI (g pYopuoig pP1enk Ybay

O s PALY FIN N o IV
......h \\.s)nr\.....«ﬂ..- ALY ..........mm .




S M AR SMEAMPAL T M i i o LT T

Low Yield Standard Distribution

.

.‘l L)
JC .
e

~
o
-2
-

ii 2
‘:.‘ “~ 1'
. RS |
oY A .
-: .
o .
.~ -

A .

~ a0 ;

" .

‘s

N .

- g R SEI L R
S e, e A e S e e e e e e

SO e T I I e e L T N e S T STy IR IRDADA I ICIAURADADN, A




L0GBO0GO®  9LIELLI0G -  ¥1999900° 96262020 -  6G5290€C*  GHLCESEL®  66£SE100°~ Il
¥6110000°  S¥60S000°-  £LY0LSG00* 61Y00620°-  6922L220°  2£12S9%L°  889YLI00°- IHO}
9Ly 1£000°  SOLZLY0O*-  L£288920° Y6L62L90°~  €EPSG9L0°  6009FPYIC  6L29V000°-  INOOH
6V166000°  96€£95L00° -  6S0¥6LLO" 61€816L0° -  92L£6220°  LSGZsbevl*®  11£0900G°- Ik}
€92¢9000°  2908€800°=  0089LESO* 669G9VL0 -  SSYIEL00* Z2EIROGL'  996G9C00°~  INGI

Lo 90 ) ) ) 20 10 PIOTX

uoTINQTIISTJ PIBPUBES PTOTIX MOT
J0J S3USTOTJJO0) jJuaaner
8-g °1q8J
A A N KON ANy 1BV AN SRRV SRaL Ry TRl

r

B-21




T T Y T ERPE Y. Y W WY v wow e & w

LECO0CCOo” GC1oCoco ZeLeCoct £.L1eCo0C” ylesece: .

11800000~ 0%%C006G* = Geevesul” Cele06o: - 256 ¢5L00 - ¢

m 99.¥CC00" 0081c000° GiLLI2100* -  ¥8GeYICO” EcoveLEC” S
98L110CC" =  €9C0LOCC*=  0L20¥200* L1¢v9e00” €1¢e16L0 v

C¥EC 1000 126LLCOO" LEEGL100" - LYeES LG - cclsceec ¢

. CLECOCU - R rdelolon Ceee 000" ¥ 1.,e020C" GCEVETVL® <
01£00000* 8L¥20000° 091cC000° - 2er0eo00: - 11£09000° - P

G 12, 9! ci I 0

UOTINQTIISTQ PIBPUBIS PIOTX MOT 103
x S3Ua101JJe0) TeIwoulyod 9safsq Ulb
.. m-mmzms

. N ..... ’ Ys
: oy —"v o
. L)

SOOI SANYY  ERCOI _RCANAS S ORCSIN | AL

. 'y " ' I lv . -- ' B R 1
AAIOAARL RO | RN 1L AAX AL

~r



PANAS

Ag-by by &y
AN

P

a

[N g.“. ?'l
LA t&—’ C R

l' °® l'
P
.

o

.
»

AN

- P
A’A.“

S

“~

S -"‘d'\-:‘-'.

‘AN
s

QR LA

RE R RN
PR

- -~ .
‘19"

ERVAFE l..* L’%&’ﬂ-"ﬂr

Q‘l‘
Sl

for Low Yield

Table B-10
3rd Degree Polynomial Coefficients

Standard Distribution

K1 K2 K3 ¥4

-.00047979 .00002173  -.00002986  -.00000208

. 14700891 .00032719 .00026261 . 000056540

.02673082  -.00390927  -.00143655  -.00013427
-.08387260  -.00594650 00271652 .000%2086

.03983654 .00489984  -.00134429  -.00013504
-.00788731 -.00121116 .00027021 00004392

00057176 .00009892  -.00001956  -.00000341
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Table P=13
3rd Degree Polynomial Coefficients
for NRDL-CH1 Distribution

C K1 K2 K3 K

1 -.00044029 .00004007 -.00000866 =.20000150
2 207706955 -.00025634 .00023248 L0007 312
3 .19412189 016713335 ~.00235472 =.N0002 3520
4 -.11804871 -.02024122 .00168730 «1:3032312
5 .03369236 .00825943  -.00032405 -.N0015130
5 -.00472635 -.00148780 . 00000235 . 00002 383
7 .00025773 .00009914 .00000287  -.00000138

Table P-14
2nd Negree Polynomial Coefficinnta
for NRDL-CH!1 Distribution

C K1 K2 K3

1 -.00049035 LO000301 1 L0000)078
2 07970812 00026900 -.000.23433
3 184277174 01475334 -.0004393Y
4 -.10477230 ~.01759786 -.00031497
5 02864695 LUV 2H4883 IARIRATY
6 -.00393167 -. 00132958 -.0001 1743
7 .00021180 00008999 SN0 11573
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LCDR James Henry Gogolin was born on March 5, 1343 in Harrold, SD.

He was graduated from Rapid City High School, Rapid Tity, SD in 1961.
He enlisted in the United States Navy in 1963 and s2rveld as a nuclear
reactor operator in USS Bainbridge (CLGN-25). e is wtiarried to the
former L.nda Winterstein of Bel Air, MD., He attendedl Lorth Carolina
State University, Raleigh, NC under the Navy Hnlisted Scientific
Education Program where he received the degree of 3Bachelor of 3cience
(Nuclear Engineering) in December, 1971, and was commissioned an Ensign.
After completion of Naval Flight Officer training at NA3 Pensacola, FL
and NAS Glynco, GA he entered training in carrier btased aviation
antisubmarine warfare. LCDR Gogolin was assigned 4> Air Antisubmarine
Squadron Twenty-Nine from 1972 to 1976 where he achieved qualification
as Tactical Commander and Mission Commander in 3-%A Viking aircraft.
From 1977 to 1980 he served as Operational Test Director in Operational
Test and Development Squadron One, NAS Patuxent River, MP. From 1930 to
1982 he served as Ordnance Officer in USS Midway (CV-41). LODR Gogolin
entered the Graduate Nuclear Effects program, School of Kngineering, Air

Force Institute of Technology in August, 1932.

Permanent addross: 693 Blaine Road

Solumbus, 04 45013
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